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OPERATION-PROCESSING APPARATUS 

FIELD OF THE INVENTION 

The present invention relates to an operation-processing 
apparatus and, more particularly, to an operation-processing 
apparatus that is suitably used for executing a customized 
operation Wherein an extension instruction (neW instruction) 
is added to an existing instruction. 

BACKGROUND OF THE INVENTION 

Recently, oWing to a demand for the enhancement in the 
performance of computers, the competition for the devel 
opment of operation-processing apparatuses such as CPU 
(Central Processing Unit) or MPU (Micro Processing Unit) 
has become more and more vigorous. The existing circum 
stance therefore is that the developing makers have had to 
put operation-processing apparatuses each having a neW 
function loaded therein into the markets one after another. 
Therefore, at hoW loW a cost and in hoW short a period they 
can develop their operation-processing apparatus have been 
being a key for predomination over the markets. 
An operation-processing apparatus is incorporated into 

every piece of computer from personal computers to super 
computers. It is, in other Words, an apparatus that is a main 
requisite for any computer. Generally, it is comprised of an 
instruction decoder for decoding an operation instruction, an 
operation-executing unit for executing various types of 
operation such as an arithmetic operation or logical opera 
tion according to an operation instruction (operation codes) 
obtained from the decoding performed by the instruction 
decoder, a register for temporarily storing the result of the 
operation (the operated-result data) executed by the 
operation-executing unit, and control circuits (e.g., a pipe 
line control circuit, a state machine, etc.) for executing the 
control of the operation-executing unit, for executing the 
control of the storage of the operated-result data into a 
register (e.g., an integer register or a ?oating-point numeric 
value register), etc. In this operation-processing apparatus, 
various types of operation each according With a relevant 
instruction and the storage of the operated-result data are 
executed With an ultra-high speed. 
By the Way, as stated above, in the conventional 

operation-processing apparatus, the customiZing Wherein a 
neW operation instruction (hereinafter referred to as “an 
extension instruction” is added to an existing operation 
instruction (hereinafter referred to as “an existing 
instruction”) is performed. In this customiZing, in case that 
the contents of the operation corresponding to the existing 
instruction and those corresponding to the extension instruc 
tion differ from each other or in case that the extension 
instruction cannot be executed in an applied form Wherein 
the existing instruction is used as an application therefor, a 
control circuit corresponding to the extension instruction 
must be additionally provided. For this reason, there Was the 
problem that the portions Where a change in design of the 
existing mechanism is made Were increased in number. 

Also, in the conventional operation-processing apparatus, 
integral operated-result data is stored in an integer register 
While ?oating-point operated-result data is registered in a 
?oating-point numeric-value register. Namely, in general, 
the type of the operated-result data (integer or ?oating-point 
numeric value) and the type of the register are the same. 
Here, there is a case Where, according to the demand of the 
customiZing, a special extension instruction is added of that 
a different type of operated-result data is to be stored in the 
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2 
register. In this kind of customiZing, an existing path for 
leading the operated-result data to the register must be 
re-designed. Therefore, there Was the problem that the 
change in design had to be made on a large scale. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
operation-processing apparatus in Which an extension 
instruction can be added to an existing mechanism With a 
minimum necessary change in design With respect thereto. 
To attain the above object, according to the ?rst aspect of 

the invention, there is provided an operation-processing 
apparatus comprising instruction-decoding means 
(corresponding to an instruction decoder 10 of a ?rst 
embodiment as later described) for decoding an existing 
instruction and an extension instruction into the same opera 
tion code including at least instruction-type-determining 
information for determining the existing instruction or the 
extension instruction, existing-operation-executing means 
(corresponding to an existing-operation-executing unit 12A 
of the ?rst embodiment as later described) for executing an 
existing operation according to the operation code and 
outputting an operation-termination-notifying signal, 
extension-operation-executing means (corresponding to an 
extension-operation-executing unit 12B of the ?rst embodi 
ment as later described) that operates in synchronism With 
the existing-operation-executing means to thereby execute 
an extension operation according to the operation code, 
instruction-type-determining means (corresponding to a 
control circuit 11 of the ?rst embodiment as later described) 
for determining the type of the instruction according to the 
instruction-type-determining information, and selecting 
means (corresponding to a multiplexer 13 of the ?rst 
embodiment as later described) for, When the type of the 
instruction has been determined to be the extension instruc 
tion and the operation-termination-notifying signal has been 
input, selecting operated-result data of the extension 
operation-executing means. 

According to the above-described invention, When the 
extension instruction is issued, the extension instruction is 
decoded into the operation code by the instruction-decoding 
means. This operation codes is noti?ed to both of the 
existing-operation-executing means and the extension 
operation means, Which synchronously execute their rel 
evant operations. And, upon completion of the operations, 
an operation-termination-notifying signal is output from the 
existing-operation-executing means. Assume here that it is 
being determined that the type of the instruction is the 
extension instruction. Then, the selecting means selects the 
operated-result data of the extension-operation-executing 
means. 

In this Way, according to the above-described invention, 
the operation code is made to contain the instruction-type 
determining information. Thereby, even When the extension 
instruction has been issued, utiliZing the operation 
termination-notifying signal output from the existing 
operation-executing means, the termination of the operation 
of the extension-operation-executing means is recogniZed to 
thereby select the operated-result data of the extension 
operation-executing means. Therefore, it is possible to add 
the extension instruction to the existing mechanism With a 
minimum necessary change in design made With respect 
thereto. 

Also, according to the second aspect of the invention, in 
the operation-processing apparatus as described in the ?rst 
aspect of the invention, the selecting means selects, When 
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the type of the instruction has been determined to be the 
extension instruction and the operation-termination 
notifying signal has been input, the operated-result data of 
the extension-operation-executing means. 

According to this above-described invention, it is 
arranged that When the type of the instruction has been 
determined to be the existing instruction there is selected the 
operated-result data of the existing-operation-executing 
means. Therefore, it is possible to add the extension instruc 
tion Without making any change of the existing-operation 
executing means. 

Also, according to the third aspect of the invention, there 
is provided an operation-processing apparatus comprising 
instruction-decoding means (corresponding to an instruction 
decoder 20 of a second embodiment as later described) for 
decoding an existing instruction and an extension instruction 
into the same operation code including at least type 
determining information for determining the type of 
operated-result data regarding a forWarded destination, 
existing-operation-executing means (corresponding to an 
existing-operation-executing unit 22A of the second 
embodiment as later described) for executing an existing 
operation regarding a ?rst type according to the operation 
code and outputting an operation-termination-notifying 
signal, ?rst holding means (corresponding to a register 24A 
of the second embodiment as later described) that is pro 
vided in correspondence With the existing-operation 
executing means, extension-operation-executing means 
(corresponding to an extension-operation-executing unit 
22B of the second embodiment as later described that 
operates in synchronism With the existing-operation 
executing means to thereby execute an extension operation 
regarding a second type according to the operation code, 
second holding means (corresponding to a register 24B of 
the second embodiment as later described) that is provided 
in correspondence With extension-operation-executing 
means, and forWarding means (corresponding to a control 
circuit 21A and multiplexer 23 of the second embodiment as 
later described) that, When it has been determined according 
to the type-determining information that the type of the 
operated-result data of the extension-operation-executing 
means is different from the type of the data of the ?rst 
holding means constituting the forWarded destination and 
When the operation-termination-notifying signal has been 
input, forWards the operated-result data of the extension 
operation-executing means to the ?rst holding means. 

According to this above-described invention, When the 
extension instruction is issued, the extension instruction is 
decoded into the operation code by the instruction-decoding 
means. This operation code is noti?ed to both of the 
existing-operation-executing means and the extension 
operation-executing means, Which synchronously execute 
their relevant operations. And, upon completion of the 
operations, an operation-termination-notifying signal is out 
put from the existing-operation-executing means. Assume at 
this time that it has been determined that the type of the 
operated-result data of the extension-operation-executing 
means is different from the type of the data of the ?rst 
holding means of the forWarded destination. Then, the 
forWarding means forWards the operated-result data to the 
forWarding means. 

In this Way, according to this above-described invention, 
it is arranged that according to the type-determining infor 
mation contained in the operation code the operated-result 
data of the extension-operation-executing means is for 
Warded to the ?rst holding means. Therefore, it is possible 
to add the extension instruction to the existing mechanism 
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With a minimum necessary change in design made With 
respect thereto. 

Also, according to the fourth aspect of the invention, there 
is provided an operation-processing apparatus comprising 
instruction-decoding means (corresponding to an instruction 
decoder 30A and instruction decoder 30B of a third embodi 
ment as later described) for decoding an existing instruction 
and an extension instruction into the same operation code 
including at least type-determining information for deter 
mining the type of operated-result data regarding a for 
Warded destination, existing-operation-executing means 
(corresponding to an existing-operation-executing means 
32A of the third embodiment as later described) for execut 
ing an existing operation regarding a ?rst type according to 
the operation code, ?rst holding means (corresponding to a 
register 36A of the third embodiment as later described) that 
is provided in correspondence With the existing-operation 
executing means, extension-operation-executing means 
(corresponding to an extension-operation-executing unit 
32B of the third embodiment as later described) that oper 
ates in asynchronism With the existing-operation-executing 
means to thereby execute an extension operation regarding 
a second type according to the operation code, outputting 
means (corresponding to a control circuit 31B of the third 
embodiment as later described) for outputting an operation 
termination-notifying signal indicating the effect that the 
operation of the extension-operation-executing means has 
ended, second holding means (corresponding to a register 
36B of the third embodiment as later described) that is 
provided in correspondence With extension-operation 
executing means, and forWarding means (corresponding to a 
control circuit 31A and multiplexer 35 of the third embodi 
ment as later described) that, When it has been determined 
according to the type-determining information that the type 
of the operated-result data of the extension-operation 
executing means is different from the type of the data of the 
?rst holding means constituting the forWarded destination 
and When the operation-termination-notifying signal has 
been input, forWards the operated-result data of the 
extension-operation-executing means to the ?rst holding 
means. 

According to this above-described invention, When the 
extension instruction and the existing instruction are issued, 
the extension instruction and the existing instruction are 
respectively decoded into the operation codes by the 
instruction-decoding means. These operation codes are 
respectively noti?ed to both of the existing-operation 
executing means and the extension-operation-executing 
means, Which asynchronously execute their relevant opera 
tions. And, upon completion of the operation of the 
extension-operation-executing means, an operation 
termination-notifying signal is output from the outputting 
means. Assume at this time that the type of the operated 
result data of the extension-operation-executing means is 
different from the type of the data of the ?rst holding means 
constituting the forWarded destination. Then, the operated 
result data is forWarded to the ?rst holding means by the 
forWarding means. 

In this Way, according to that above-described invention, 
it is arranged to output the operation-termination-notifying 
signal regarding the extension-operation-executing means 
and, according to the type-determining information con 
tained in the operation code, to forWard the operated-result 
data of the extension-operation-executing means to the ?rst 
holding means. Therefore, even When the extension 
operation-executing means and the existing-operation 
executing means operate in asynchronism With each other, it 
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is possible to add the extension instruction to the existing 
mechanism With a minimum necessary change in design 
made With respect thereto. 

Also, according to the ?fth aspect of the invention, in the 
operation-processing apparatus according to the fourth 
aspect of the invention, the apparatus further comprises 
mediating means (corresponding to a control circuit 31A of 
the third embodiment as later described) for, When the 
operation-termination-notifying signal has been input, per 
forming mediation betWeen an outputting timing of the 
operated-result data of the existing-operation-executing 
means taken With respect to the ?rst holding means and a 
forWarding timing of the operated-result data of the 
extension-operation-executing means. 

According to this above-described invention, it is 
arranged that the timing-mediating means performs media 
tion betWeen the outputting timing of the operated-result 
data of the existing-operation-executing means taken With 
respect to the ?rst holding means and the forWarding timing 
of the operated-result data of the extension-operation 
executing means. Therefore, it is possible to prevent batting 
that Would occur With the same timing from occurring. 

Also, the invention as described under Addition No. 3 as 
later described comprises, in the operation-processing appa 
ratus as described under Addition No. 1 or 2, holding means 
for holding the operated-result data selected by the selecting 
means. 

According to this above-described invention, by provid 
ing the selecting means, it is arranged to select the operated 
result data held in the holding means according to the 
determined result of the type of the instruction. Therefore, it 
is not necessary to add the holding means for use for the 
extension instruction, With the result that the cost can be 
reduced. 

Other objects and features of this invention Will become 
understood from the folloWing description With reference to 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the construction of 
a ?rst embodiment of the present invention; 

FIG. 2 is a How chart illustrating the operation of the ?rst 
embodiment; 

FIG. 3 is a block diagram illustrating the construction of 
a second embodiment of the present invention; 

FIG. 4 is a How chart illustrating the operation of the 
second embodiment; 

FIG. 5 is a block diagram illustrating the construction of 
a third embodiment of the present invention; 

FIGS. 6A, B are How charts illustrating the operation of 
the third embodiment; 

FIG. 7 is a How chart illustrating the operation of a control 
circuit 31A illustrated in FIG. 5; 

FIG. 8 is a block diagram illustrating the construction of 
a fourth embodiment of the present invention; 

FIG. 9 is a How chart illustrating the operation of a state 
machine 41 side illustrated in FIG. 8; 

FIG. 10 is a How chart illustrating the operation of a 
pipeline control circuit 51 side illustrated in FIG. 8; 

FIG. 11 is a block diagram illustrating the construction of 
a ?fth embodiment of the present invention; 

FIG. 12 is a How chart illustrating the operation of a state 
machine 61 side illustrated in FIG. 11; 

FIG. 13 is a How chart illustrating the operation of a state 
machine 61 illustrated in FIG. 11; and 
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6 
FIG. 14 is a How chart illustrating the operation of a 

pipeline control circuit 71 side illustrated in FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram illustrating the construction of 
a ?rst embodiment of the present invention. In this ?gure, 
illustration is made of the construction of a main part of an 
operation-processing apparatus after an extension instruc 
tion is added to an existing instruction according to the 
request made by customiZing. Here, the existing instruction 
is, for example, an integer-addition instruction While the 
extension instruction is, for example, an integer 
multiplication instruction. Each of these existing instruction 
and extension instruction consists of an instruction code 
composed of 32 bits, and both of them are respectively 
expressed as folloWs When so done in the form of a hexa 
decimal representation. 

Existing instruction: 0x8a8a8a8a 
Extension instruction: 0x5c5c5c5c 
An instruction decoder 10 decodes the 32-bit existing 

instruction and the 32-bit extension instruction into 12-bit 
operation codes (an existing instruction CA1 and extension 
instruction CB1). These existing instruction CA1 and exten 
sion instruction CB1 are respectively expressed as folloWs 
When so done in the form of a hexadecimal representation 
(binary representation). 

Existing instruction CA1: 0x1ff (000111111111) 
Extension instruction CB1: 0x3ff (001111111111) 
The bits constituting each of these existing instruction 

CA1 and extension instruction CB 1 that are actually effective 
as the instructions are “11:10, 8:0” bits. From this, because 
the “11:10, 8:0” bits constituting each of these existing 
instruction CA1 and extension instruction CB 1 each have the 
same value, the existing instruction CA1 and extension 
instruction CB1 are the ones the bit constructions of that are 
the same. Also, the “9” bits of each of the existing instruc 
tion CA1 and extension instruction CB1 are dummy bits that 
are not used as the bits for use for the instruction. HoWever, 
in the ?rst embodiment, those “9” bits are instruction-type 
determining bits for determining the existing instruction 
CA1 and extension instruction CB1. Namely, When the “9” 
bits each have a value of “0”, the type of the instruction is 
the existing instruction. On the other hand, When the “9” bits 
each have a value of “1”, the type of the instruction is the 
extension instruction. 
A control circuit 11 controls the noti?cation of the exist 

ing instruction CA1 and extension instruction CB1 With 
respect to an existing-operation-executing unit 12A and an 
extension-operation-executing unit 12B and the storage of 
the operated-result data into a register 14. The existing 
operation-executing unit 12A is an existing-operation 
executing unit, Which according to the existing instruction 
CA1 executes integer addition and outputs an operation 
termination-notifying signal DN1 indicating the effect that 
the operation has ended to the control circuit 11. Also, the 
existing-operation-executing unit 12A outputs the operated 
result as an existing-instruction operated-result data EAl. 
The extension-operation-executing unit 12B is the one 

that has been added to the existing mechanism by custom 
iZing and that executes integer multiplication according to 
the extension instruction CB1. The extension-operation 
executing unit 12B outputs the operated result as an 
extension-instruction operated-result data EBl. Here, the 
number of the operation-termination cycles of the existing 
operation-executing unit 12A and the number of the 
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operation-termination cycles of the extension-operation 
executing unit 12B are made to be the same. It is to be noted 
here that no signal corresponding to the operation 
termination-notifying signal DN1 is output from the 
extension-operation-executing unit 12B. It is also to be 
noted that the type (an integer in this case) of the existing 
instruction operated-result data EA1 and the type (an integer 
in this case) of the extension-instruction operated-result data 
EB1 are made to be the same. 
A multiplexer 13 selects either one of the existing 

instruction operated-result data EA1 and the extension 
instruction operated-result data EB 1 according to the control 
of the control circuit 11 and outputs this selected data to a 
register 14. Speci?cally, When a selecting signal SELA1 has 
been input from the control circuit 11, the multiplexer 13 
outputs the existing-instruction operated-result data EA1 to 
the register 14. On the other hand, When a selecting signal 
SELB1 has been input from the control circuit 11, the 
multiplexer 13 outputs the extension-instruction operated 
result data EB1 to the register 14. The register 14 is, for 
example, an integer register, Which temporarily stores 
therein the existing-instruction operated-result data EA1 or 
the extension-instruction operated-result data EBl. 

Next, the operation of the above-described ?rst embodi 
ment Will be explained With reference to a How chart 
illustrated in FIG. 2. When in a step SA1 illustrated in this 
?gure the 32-bit existing instruction (0x8a8a8a8a) is issued, 
in step SA2 the instruction decoder 10 converts the existing 
instruction (0x8a8a8a8a) into the 12-bit operation code 
(0x1ff (000111111111)). Thereafter, the instruction decoder 
10 noti?es the thus-converted data to the control circuit 11. 
As a result of this, in step SA3 and step SA5, the control 
circuit 11 noti?es the extension instruction CB1 (0x1ff 
(000111111111) in this case) and existing instruction CA1 
(0x1ff (000111111111) in this case) each of that as the 
instruction consists of the same-value bits, respectively, to 
the extension-operation-executing unit 12B and the existing 
operation-executing unit 12A. 
As a result of this, in the extension-operation-executing 

unit 12B, the operation (the integer multiplication) is 
executed according to the extension instruction CB1. In 
parallel With this, in the existing-operation-executing unit 
12A, the operation (the integer addition) is executed accord 
ing to the existing instruction CA1. In parallel With these 
operation processes, in step SA10, the control circuit 11 
performs the instruction-type determination according to the 
“9” bits (“0” in this case) of the operation code (0x1ff 
(000111111111) that has been so converted by the instruc 
tion decoder 10. In this case, because the values of the “9” 
bits are all “0”, the control circuit 11 determines the type of 
the instruction to be the existing instruction. 

In step SA6, the existing-operation-executing unit 12A 
determines Whether the operation has ended. In this case, 
assuming that the result of the determination is “No”, that 
determination is repeatedly performed. And upon comple 
tion of the operation, the existing-operation-executing unit 
12A, after the determination result in step SA6 is made to be 
“Yes”, in step SA7, outputs the operation-termination 
notifying signal DN1 to the control circuit 11. In the next 
step SAS, the existing-operation-executing unit 12A outputs 
the existing-instruction operated-result data EA1 to the mul 
tiplexer 13. On the other hand, at the same time as the 
operation of the existing-operation-executing unit 12A ends, 
the operation of the extension-operation-executing unit 12B 
also ends. Therefore, in step SA4, the extension-operation 
executing unit 12B outputs the extension-instruction 
operated-result data EB1 to the multiplexer 13. 
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Upon input of the operation-termination-notifying signal 

DN1, the control circuit 11 recogniZes that the respective 
operations of the existing-operation-executing unit 12A and 
the extension-operation-executing unit 12B have ended to 
thereby execute a processing of step SA9. Namely, in step 
SA9, the control circuit 11, upon receipt of the determined 
result of the instruction in step SA10, outputs either one of 
the selecting signal SELA1 or SELB1 to the multiplexer 13. 
In this case, because the operation code “9” has a value of 
“0”, i.e., the type of the instruction is the existing instruction, 
the control circuit 11 outputs the selecting signal SELA1 to 
the multiplexer 13. As a result of this, in the multiplexer 13, 
the existing-instruction operated-result data EA1 is selected 
and this existing-instruction operated-result data EA1 is 
stored in a register 14. 
On the other hand, When in the step SA1 the 32-bit 

extension instruction (0x5c5c5c5c) is issued, in step SA2 the 
instruction decoder 10 converts the extension instruction 
(0x5c5c5c5c) into the 12-bit operation code (0x3ff 
(001111111111)). Thereafter, the instruction decoder 10 
noti?es the thus-converted data to the control circuit 11. As 
a result of this, in step SA3 and step SA5, the control circuit 
11 noti?es the extension instruction CB1 (0x3ff 
(001111111111) in this case) and existing instruction CA, 
(0x3ff (001111111111) in this case) each of that as the 
instruction consists of the same-value bits, respectively, to 
the extension-operation-executing unit 12B and the existing 
operation-executing unit 12A. 
As a result of this, in the extension-operation-executing 

unit 12B, the operation (the integer multiplication) is 
executed according to the extension instruction CB1. In 
parallel With this, in the existing-operation-executing unit 
12A, the operation (the integer addition) is executed accord 
ing to the existing instruction CA1. In parallel With these 
operation processes, in step SA10, the control circuit 11 
performs the instruction-type determination according to the 
“9” bits (“1” in this case) of the operation code (0x3ff 
(001111111111) that has been so converted by the instruction 
decoder 10. In this case, because the values of the “9” bits 
are all “1”, the control circuit 11 determines the type of the 
instruction to be the extension instruction. 

In step SA6, the existing-operation-executing unit 12A 
determines Whether the operation has ended. In this case, 
assuming that the result of the determination is “No”, that 
determination is repeatedly performed. And upon comple 
tion of the operation, the existing-operation-executing unit 
12A, after the determination result in step SA6 is made to be 
“Yes”, in step SA7, outputs the operation-termination 
notifying signal DN1 to the control circuit 11. In the next 
step SAS, the existing-operation-executing unit 12A outputs 
the existing-instruction operated-result data EA1 to the mul 
tiplexer 13. In parallel With this, in step SA4, the extension 
operation-executing unit 12B outputs the extension 
instruction operated-result data EB1 to the multiplexer 13. 
Upon input of the operation-termination-notifying signal 

DNl, in step SA9, because the operation code “9” has a 
value of “1”, i.e., the type of the instruction is the extension 
instruction, the control circuit 11 outputs the selecting signal 
SELB1 to the multiplexer 13. As a result of this, in the 
multiplexer 13, the extension-instruction operated-result 
data EB1 is selected and this extension-instruction operated 
result data EB1 is stored in a register 14. 
As has been described above, according to the ?rst 

embodiment, the operation code is made to contain the 
instruction-type-determining bits. Thereby, even When the 
extension instruction has been issued, utiliZing the 
operation-termination-notifying signal DNloutput from the 
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existing-operation-executing unit 12A, the termination of 
the operation of the extension-operation-executing unit 12B 
is recognized to thereby select the extension-instruction 
operated-result data EB1 of the extension-operation 
executing unit 12B. Therefore, it is possible to add the 
extension instruction to the existing mechanism With a 
minimum necessary change in design made With respect 
thereto, With the request that the cost can be reduced. 

FIG. 3 is a block diagram illustrating the construction of 
a second embodiment of the present invention. In this ?gure, 
illustration is made of the construction of a main part of the 
operation-processing apparatus after the extension instruc 
tion is added to the existing instruction according to the 
request made by customiZing. Here, the existing instruction 
is, for example, an integer-addition instruction While the 
extension instruction is, for example, a ?oating-point 
numeric-value-multiplication instruction. This extension 
instruction is a speci?c instruction for causing a different 
type of operated-result data (in this case an extension 
instruction operated-result data EB2) to be stored into a 
register 24A. 
Each of these existing instruction and extension 

instruction, in the same Way as in the ?rst embodiment, 
consists of an instruction code composed of 32 bits, and both 
of them are each expressed as folloWs When so done in the 
form of a hexadecimal representation. 

Existing instruction: 0x8a8a8a8a 
Extension instruction: 0x5c5c5c5c 
The instruction decoder 20 decodes the 32-bit existing 

instruction and the 32-bit extension instruction into 12-bit 
operation codes (the existing instruction CA2 and extension 
instruction CB2) in the same Way as the instruction decoder 
10 (see FIG. 1) did. These existing instruction CA2 and 
extension instruction CB2 are respectively expressed as 
folloWs When so done in the form of a hexadecimal repre 
sentation (binary representation). 

Existing instruction CA2: 0x1ff (000111111111) 
Extension instruction CB2: 0x3ff (001111111111) 
The bits constituting each of these existing instruction 

CA2 and extension instruction CB2 that are actually effective 
as the instructions are “11:10, 8:0” in the same Way as in the 
?rst embodiment. From this, because the “11:10, 8:0” bits 
constituting each of these existing instruction CA2 and 
extension instruction CB2 each have the same value, the 
existing instruction CA2 and extension instruction CB2 are 
the ones the bit constructions of that are the same. Also, the 
“9” bits of each of the existing instruction CA2 and exten 
sion instruction CB2 are dummy bits that are not used as the 
bits for use for the instruction. 

HoWever, in the second embodiment, those “9” bits are 
operated-result-data-type-determining bits for determining 
the type (in this case an integer or a ?oating-point numeric 
value) of the operated-result data (the existing-instruction 
operated-result data EA2 or extension-instruction operated 
result data EB2) that is to be stored into the register 24A (in 
this case the integer register) Namely, When the “9” bits each 
have a value of “0”, this means that the type of the 
operated-result data (in this case the existing-instruction 
operated-result data EA2) to be stored into the register 24A 
is an integer. On the other hand, When the “9” bits each have 
a value of “1”, this means that the type of the operated-result 
data (in this case the extension-instruction operated-result 
data EB2) to be stored into the register 24A is a ?oating 
point numeric value. 

The control circuit 21A controls the noti?cation of the 
existing instruction CA2 With respect to the existing 
operation-executing unit 22A and the storage of the 
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10 
operated-result data into the register 24A. The existing 
operation-executing unit 22A is an existing-operation 
executing unit, Which according to the existing instruction 
CA2 executes integer addition and outputs the operation 
termination-notifying signal DN2 indicating the effect that 
the operation has ended to the control circuit 21A. Also, the 
existing-operation-executing unit 22A outputs the operated 
result as the existing-instruction operated-result data EA2. 
The multiplexer 23 selects either one of the existing 

instruction operated-result data EA2 and the extension 
instruction operated-result data EB2 according to the control 
of the control circuit 21A and outputs this selected data to 
the register 24A. Speci?cally, When the selecting signal 
SELA2 has been input from the control circuit 21A, the 
multiplexer 23 outputs the existing-instruction operated 
result data EA2 to the register 24A. 
On the other hand, When the selecting signal SELB2 has 

been input from the control circuit 21A, the multiplexer 23 
outputs the extension-instruction operated-result data EB2 to 
the register 24A. The register 24A is, for example, an integer 
register, Which temporarily stores therein the existing 
instruction operated-result data EA2 or the extension 
instruction operated-result data EB2. What is to be noted 
here is that the existing-instruction operated-result data EA2 
the type of that is an integer or the extension-instruction 
operated-result data EB2 the type of that is a ?oating point 
numeric value is stored in the register 24A. 
The control circuit 21B controls the noti?cation of the 

extension instruction CB2 With respect to the extension 
operation-executing unit 22B and the outputting of the 
extension-instruction operated-result data EB2 With respect 
to the register 24B. The extension-operation-executing unit 
22B executes ?oating-point numeric-value multiplication by 
the request made by customiZing according to the extension 
instruction CB2. The extension-operation-executing unit 
22B outputs the operated result as the extension-instruction 
operated-result data EB2. Here, the number of the operation 
termination cycles of the existing-operation-executing unit 
22A and the number of the operation-termination cycles of 
the extension-operation-executing unit 22B are made to be 
the same. 

It is to be noted here that no signal corresponding to the 
operation-termination-notifying signal DN2 is output from 
the extension-operation-executing unit 22B. It is also to be 
noted that the type (an integer in this case) of the existing 
instruction operated-result data EA2 and the type (a ?oating 
point numeric value in this case) of the extension-instruction 
operated-result data EB2 are different from each other. The 
register 24B is a ?oating-point numeric-value register, 
Which temporarily stores therein the extension-instruction 
operated-result data EB2. Provided, hoWever, that according 
to the conditions as later described the extension-instruction 
operated-result data EB2 is not stored in the register 24B. 

Next, the operation of the above-described second 
embodiment Will be explained With reference to a How chart 
illustrated in FIG. 4. When in a step SB1 illustrated in this 
?gure the 32-bit existing instruction (0x8a8a8a8a) is issued, 
in step SB2 the instruction decoder 20 converts the existing 
instruction (0x8a8a8a8a) into the 12-bit operation code 
(0x1ff (000111111111)). Thereafter, the instruction decoder 
10 noti?es the thus-converted data to the control circuit 21A 
and the control circuit 21B. 
As a result of this, in step SB3, the control circuit 21A 

noti?es the existing-instruction CA2(0x1ff (000111111111) 
in this case) to the existing-operation-executing unit 22A. In 
parallel With this notifying operation, in step SB9, the 
control circuit 21B noti?es the extension instruction CB2 
























